is paper discusses a study of the influence of different positions and modes of smartphone navigation devices on driving behavior based on real vehicle driving. Twenty professional drivers participated in the experiment in free-flowing traffic and good weather conditions. e eye movement and vehicle control data obtained in the experiment were used as indicators for evaluation. Comparison of the mean, variance, and significance analysis shows that a smartphone navigation device placed on the right side of the car dashboard (position 1) has less impact on driving behavior than when placed above the air conditioning vent (position 2). A smaller angle of view can increase the fixation frequency and the length of time that the driver spends looking out the windshield and reduce the range and time spent in glancing at the navigation device. Using only sound navigation (the audio group in this paper) has the least influence on driving behavior because the driver's visual attention is not transferred inside the vehicle rather than on the road ahead, and the vehicle is operated in the most stable state. ese findings have practical significance for reducing the negative influence of smartphone navigation.
Introduction
Navigation systems can provide drivers with real-time, accurate road condition information and travel routes, which are especially important in unfamiliar road conditions and in a complex road network [1] . In the early days, in-vehicle navigation was the main navigation mode [2, 3] . However, with the rapid development of science and technology, smartphone navigation has gradually replaced traditional invehicle navigation [4] . In terms of driving performance and vehicle control, smartphone navigation is superior to invehicle navigation on urban and suburban roads, and it is more fuel-efficient in unfamiliar traffic conditions [5, 6] . e navigation system brings many benefits to the driver, but public attention focuses on its efficiency and convenience, while ignoring the negative effects. Multiple tasks need to be performed simultaneously during driving, including cognition, perception, and movement. Navigation systems usually involve vision, operation, and cognition, which are the same tasks that are needed for driving, and cause significant interference [7] . erefore, exploring the influence of navigation systems on driving behavior has become an important research field.
During the driving process, the use of smartphone navigation leads to the generation of secondary tasks, such as inputting the destination, viewing the navigation route, and listening to vocal instructions. In addition, the driver's reaction time to a traffic incident is slower due to distracted behavior, which causes more emergency braking [8] . e ISO (International Organization for Standardization) indicates that a variety of vehicle information systems, such as mobile phones, navigation systems, and radios, can distract drivers and create traffic hazards [9] . A German study classified and evaluated the types of driving and secondary tasks. e results showed that secondary tasks had negative effects on driving behavior [10] . Moreover, the workload generated by the driving task also varies when the driver operates the navigation system [11] . Many researchers have carried out further research through specific experiments. Based on the data analysis of reaction time, vehicle position, speed, and driving distance, White et al. [12] found that the use of mobile phones in driving seriously interfered with the performance of driving tasks. A phone conversation while driving has an impact on cognition and thus reduces driving effectiveness. A study showed that test vehicles had shorter space headway, higher accident rates, and longer brake response time [13] . Different musical rhythms can also affect the driver. e faster the music tempo, the faster the simulated driving speed, and drivers often ignore a red light and drive through zebra crossings [14] .
e most important sensory organ in driving is vision: 90% of driving information is transmitted to the driver through vision [15] .
erefore, many studies take eye movement as the evaluation indicator. Drivers carried out various secondary in-vehicle tasks while driving, and a HED (head-mounted eye-tracking device) was used to collect drivers' fixation indicators and pupil diameter data. e results showed that the standard fixation deviation is shorter than is observed in normal driving in the task of calculating the meeting date [16] . However, using the HED to collect eye movement may make driving behavior unnatural [17] . e appearance of the portable eye tracker solves this problem. In a 2011 experiment, drivers were divided into two groups (group 1 performed a read number task and group 2 performed a select menu system task). e results showed that fixation counts and fixation time in group 1 were smaller than those in group 2 [18] . Japanese researchers used two different in-vehicle navigation screen sizes (one of 7 inches and the other of 4.3 inches) to carry out multiple experiments in different positions. ey found that the large screen glance frequency was shorter than the small screen glance frequency, and the large screen glance duration was shorter than the small screen glance duration [19] . A driving simulation experiment was carried out by twenty participants. When the driver's vision and cognition were occupied with navigation information, the driver's operating extensive time and numbers of errors in operation were analyzed [20] . Other studies have shown that drivers' secondary task response to auditory and audiovisual stimuli are faster than their response to purely visual stimuli, and the sound mode helped reduce the interference effects of the secondary task [21, 22] . Scholars have also studied how to determine the driver's aggressiveness and level of distraction. After analyzing the vehicle trajectory to identify the driver's behavior, the automatic vehicle navigation algorithm (Autono Vi) was optimized and extended to reduce the influence of navigation on the driving behavior [23] . Cheung proposed an autonomous driving planning algorithm that considered the behavior of neighboring drivers' behaviors, which greatly improved the safety and effectiveness of the navigation system [24] . ese studies show that people have a deep understanding of the secondary tasks that are generated in the process of driving, but the impact of the smartphone as a navigation tool on driving behavior has not been studied extensively. Smartphone navigation is widely used because it is easy to carry and can be positioned anywhere by the driver. However, different positions and different navigation modes have different effects on driving behavior, so it is necessary to study these variables.
Driving experiments have included simulated driving and real driving, but most of the existing studies are based on driving simulation, which does not reflect authentic data. Real driving experiments can collect highly precise, comprehensive, real data. Consequently, we selected eye movement and vehicle control as the evaluation indicators. We analyzed the influence of smartphones on driving behavior in two different phone positions and three different navigation modes based on real driving and then determined the merits.
Methods

Experiment Devices and Indicators.
e experiment mainly collected driver eye movement data [25, 26] and the vehicle's horizontal and longitudinal operation control. e eye movements were obtained by the portable eye tracker SMI ETG 2w (Berlin, Germany). is device is easy to wear and comfortable and can obtain highly precise data from the driver under relatively natural conditions. e vehicle control data were obtained by a car-following device called Hi-Driver 10 (Beijing, China). is device can collect the absolute speed and traveling speed of the vehicle, acceleration, relative distance between the front and rear car, and following time and calculate the lateral offset. At the same time, the vehicle data recorder that is used in conjunction with the system can collect the video of the vehicle-driving process. GPS records the speed of the vehicle and the driving route at the same time. e user can import GPS data into third-party mapping software, draw the driving route map, and calculate the travel time. It also includes accessories such as smartphones, an automobile data recorder, and a laptop. Specific device functions and required experimental indicators are shown in Table 1 .
Participants and Test
Section. Twenty healthy participants with a C1 driver's license (quasi-driving type in China: car) were selected. Participants were 15 males and 5 females, whose details are presented in Table 2 . In addition, their experience in using smartphone navigation was 1.6 years.
e participants ensured more than eight hours of sleep before the experiment.
e experiment also requires two assistants, who were responsible for installation and adjustment of the devices.
e testing area was selected from the Chang'an District (Xi'an, Shaanxi, China); its location and driving route are shown in Figure 1 . Traffic conditions and the road alignment of this area are all good. e total length of the test route was 3.4 km, and the specific road attributes are shown in Table 3 .
e experiment was carried out in good weather conditions. e experiment time was 9:00-11:00 and 14:00-17:00, which avoided rush hours. To obtain better experimental data, we set the two necessary intersections as shown in Figure 1 , forming a route with several turns, and the driver needed to rely on navigation repeatedly.
Design and
Procedure. Different positions of the smartphone affect the driver's convenience in viewing and obtaining map navigation information. In the driving process, the driver can obtain navigation information from two different information channels: visual and auditory. erefore, the experiment was conducted with the smartphone position and navigation mode as independent variables. In this paper, two positions were determined based on the size of the smartphone (14.1 cm in length and 7 cm in width), the internal space of the vehicle, and the visual convenience of the driver, as shown in Figure 2 . Navigation modes included listening to the navigation voice only, looking at the navigation map only, and an audiovisual combination (the driver chose freely, according to his or her own needs, to listen or watch to get navigation information). In addition, a control group engaged in normal driving without smartphone navigation.
To reduce the data error caused by driving on a familiar route, the experiment first allowed drivers to perform the voice group test with the two placement positions, which prevented the driver from remembering the driving route by watching. en the audiovisual combination group experiment was carried out. Finally, the visual group experiment was performed.
e 20 subjects were involved in experiments under all conditions. at is, each driver drove on the road with two smartphone positions and in 3 navigation modes, respectively. In addition, there was one experimental control group, so there are seven groups of experiments in total.
Between each group of experiments, the participants took an 8-minute break to alleviate driving fatigue. During the experiment, traffic rules were rigorously observed. If major emergencies affected the experiment, such as traffic accidents and bad weather, the experiment was stopped immediately. e specific steps of the experiment were as follows:
Step 1: e devices were installed and debugged. e Hi-Driver was fixed on the hood of the test vehicle, and the direction and angle of the infrared rays were adjusted.
e smartphone time was recorded as the standard time, and the difference between the data collection time and the standard time of the instrument was recorded separately. In a later stage, the difference was processed to achieve data synchronization (Figure 3(a) ).
Step 2: Fixation points were adjusted and corrected. When participants wore an eye tracker, the experimental assistant ensured that the driver's pupils and iris were directly exposed to the eye tracker's eye movement information acquisition camera. e participant looked at the tip of a fixed object as a reference object.
e experimental assistant adjusted the participant's fixation point displayed by the smartphone collector to the fixation point of the reference, and then completed the eye movement calibration (Figures 3(b) and 3(c) ).
Step 3: e navigation route was obtained. According to the requirements of the specific experimental group, the experimental assistant placed the smartphone in the specified position and input the origin and destination in the smartphone navigation software to obtain the navigation route.
Step 4: e participant conducted real vehicle driving according to the experimental requirements. During the experiment, the experimental assistant took photos of the driving scene information and recorded the parking time for a long time, which provided a reference for the time synchronization problem in the later data processing. e road traffic environment is shown in Figure 3(d) .
Data Processing.
e raw vehicle operation data was derived from the Drive Recorder 3 radar speed measurement software. Begaze software exported all the eye movement data. erefore, it was necessary to calibrate the inside-vehicle, outside-vehicle, and smartphone fixation data required in the study. e specific calibration process was as follows:
e experimenter opened the Begaze software, imported the collected eye movement data packet into the software, and selected the data area to be obtained. Taking smartphone eye movement data as an example, in the AOI editing, the smartphone area is manually selected. Figure 4 shows that the orange encircled area is the calibrated smartphone area. e calibration process is simple, but the calibration workload is heavy. In addition, due to its acquisition of data in accordance with each frame, the difference between adjacent data is only 42 ms, and the adjacent five consecutive data are basically the same, which cannot reflect the change rule of the data, and errors will occur in data processing. erefore, a set of data was taken every 0.5 seconds on the basis of the original data for analysis.
A small part of the data obtained by the portable eye tracker and the car-following device had some errors such as attribute defect, data duplication, and abnormal data. ere were also emergencies and abnormal vehicle operation during the experiment. erefore, these data were removed before the data were analyzed. e Pauta criterion is widely used because of its convenience and simplicity, and it is suitable for large sample data. erefore, this criterion was utilized to eliminate the eye movement and vehicle control indicator outliers. When the difference between the measurement data and the arithmetic mean of the total measurement data was greater than three times the standard deviation, the data were eliminated. e formula is as follows:
where x i is the measurement data, x is the arithmetic mean of the total data, and σ is the standard deviation.
Results
In this study, the experimental data were classified according to position and navigation mode and then driving behavior was descriptively analyzed and significant analysis by independent sample T test was performed. ( e Kolmogorov-Smirnov test showed that all samples are subject to normal distribution and satisfy the precondition of an independent sample T test). , which means that when the smartphone is placed at position 1, the lateral change of the vehicle is small and relatively safe. erefore, in terms of vehicle indicators, placement of the smartphone at position 2 had a greater effect on the driver than that at position 1.
e Influence of Different
e Influence of Different Smartphone Navigation Modes.
e evaluation indicators and significance (p � 0.05) of different smart navigation modes are shown in Figures 7 and 8 .
e inside fixation frequency of the audio group (M � 5.63, SD � 2.01) is lower than that of the control group (M � 20.01, SD � 2.23), whereas the inside fixation frequency of the visual group (M � 32.86, SD � 2.13) and the audiovisual group (M � 24.86, SD � 2.57) were higher than that the control group. e audio group has the highest outside fixation frequency (M � 93.12, SD � 6.22) because the largest proportion of drivers paid attention to the road ahead. e order of the average inside fixation time is as follows: audio group (M � 177.52, SD � 12.85) < control group (M � 207.32, SD � 11.21) < audiovisual group (M � 221.65, SD � 13.65) < visual group (M � 251.22, SD � 12.66). ere is little difference in the four groups of experimental data with respect to the average outside fixation time, but the visual group was the smallest (M � 283.6, SD � 22.3 ms). When the driver watches the navigation, the impact on the fixation indicators is greater and the attention on the road outside the vehicle is reduced.
erefore, the effect of the fixation indicators on driving is as follows: visual group > audiovisual group > audio group. e glance range is similar in the three modes, and the effects are not significant. e glance speed of the audio group (M � 141.22, SD � 5.62) is 17.36°faster than that of the control group (M � 123.86, SD � 6.25) and the effect is significant (t[138] � 1.801, p � 0.033), although the glance speed of the visual group (M � 103.65, SD � 5.56) and the audiovisual group (M � 117.28, SD � 4.96) are slower than that of the control group. It can be seen that when drivers use sound navigation, they can get information quickly in a glance. ere is little difference in the blink frequencies of the three navigation modes. e blink time of the modes are all higher than that of the control group (M � 208.79, SD � 9.82), and the audio group (M � 221.31, SD � 8.11) is the closest to the control group. erefore, the audio group shows the least disturbance to the driver, and the audiovisual group shows the most.
e speeds of the four groups are similar, and the difference between the audio group (M � 12. 
Discussion
Experiments show that different mobile phone positions and modes have different effects on the driving process. Compared with position 1, position 2 is farther away from the fixation area of the road ahead, and the driver's head moves in a wider range, which increases the glance range and time, so the risk of collision is increased. In addition, the driver's lack of road information can lead to vehicle instability. e driver does not need to transfer outside fixation resources to the inside when using only voice navigation, so the fixation frequency and fixation time of the audio group were significantly lower than that in the visual and audiovisual groups. Because image navigation creates more distraction in the driver's attention, vehicle acceleration has a significant effect on the visual (t[138] � 1.969, p � 0.002) and audiovisual (t[138] � 1.957, p � 0.009) groups. is means that the speed varies significantly and can easily cause unsafe driving behavior.
e lateral offset of the audio group was the smallest, indicating that the state of the vehicle remains relatively stable while driving.
A study of in-vehicle navigation based on simulated driving showed that a convenient display position with a small visual angle can provide a shorter glance time, but has a higher glance frequency [19] . Compared with position 2, position 1 is closer to the front road area, the glance range used by the driver is smaller, and the fixation time is shorter.
is shows that real driving and simulated driving are consistent on this point. However, the fixation frequency at which drivers look inside the vehicle at position 1 is less than position 2, which is inconsistent with the simulated driving conclusions. Because the performance of smartphone navigation is better than in-vehicle navigation, the driver can obtain much comprehensive information via sound at one time and thus the driver does not need to watch the navigation to continue driving. Another simulated driving study showed that in-vehicle navigation above the dashboard seems to be the best [27] . However, in actual driving, if the smartphone is placed above the dashboard as a navigation tool, it will have an impact on the driver's vision, and sudden phone calls and information will greatly interfere with driving. In addition, lane departure time was used as an indicator of vehicle control, which cannot accurately reflect the impact of navigation on test vehicles. In this paper, the vehicle control indicators are more comprehensive and intuitive, such as lateral offset, acceleration, and speed.
Many researchers have shown that the use of navigation negatively affects the driver. However, navigation still makes sense when considering a driver in unfamiliar circumstances or in need of directions.
e conclusion of the study is meaningful for exploring measures to reduce the effects of navigation on driving. It is unsafe for the driver's vision to leave the road ahead for 2 s while driving [28] , but the driver often spends more than 2 s setting the search for driving routes. When using smartphone navigation, speed changes quickly and lateral offset will occur. erefore, the driver should try to set driving routes before the vehicle starts. When the navigation information cannot be judged accurately, the speed should be reduced and the vehicle should be stopped if necessary. In addition, from the perspective of software development for smartphones, voice recognition technology should be strengthened to improve the accuracy of human-computer communication and the user friendliness of the interface, so as to reduce the dispersion of drivers' visual resources. is paper mainly studied eye movements and vehicle control indicators based on the left cockpit, whereas the cockpit in some countries is located on the right. Whether the difference in driving habits will have an impact on the research conclusions is an interesting topic worthy of further study.
Conclusion
is paper explores the influence of smartphone navigation on driving behavior based on real driving. e influence of two positions and three navigation modes was analyzed using eye movements and vehicle control indicators. e results show that position 1 is better than position 2, and the driver is less disturbed by the smartphone. Also, the auditory group experienced the least influence on driving, indicating that the driver can pay more attention to the road when using only voice navigation and maintain better control of the vehicle.
e limitations of this study are that only two mobile phone positions were considered. However, there are some phenomena such as the phone placed on the driver's dashboard, on the left hand side of the vent and at the drink holder. erefore, we could add more positions to expand this research in the future.
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